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Drake Equation

e N=RfsfynefififcL

e N = number of communicating
civilizations in our galaxy
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Signal Types

1. Artifact (radio, radar, ~TV, ?777)

2. Deliberate (easy to decode, pictures, lang

First civilization we contact is likely to be a
billion years ahead of us. (ray norris, 2002)
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First Radio SETI
e Nikola Tesla (1899)

— Announces “coherent signals from Malsg

e Guglielmo Marconi (1920)

— Strange signals from ET

e Frank Drake (1960)

— Project Ozma
— one channel, 1420-1420.4 MHz
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Radio - Targeted Search Strategy
Project Phoenix - Seti Institute
Radio - Sky Survey Strategy
Serendip, SETI@home - UC Berkeley
Southern Serendip - Australia
Meta II - Argentina

Seti Italia - Bologna

Optical - Targeted

UC Berkeley - Pulse and Continuous
Lick Observatory — Pulse
Harvard — Pulse, Sky survey 2006

Princeton - Pulse
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UC Berkeley SETI Programs

Name

Time Scale

Search Type

SERENDIP seconds

radio sky SUIVEY

SETI@home mS - seconds

radio sky

Astropulse nS - mS

SEVENDIP nS

SPOCK 1000 seconds

SURVEY

DYSON
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SERENDIP IV
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30 Trillion Fruitless Tries

But scientists keep searching For extraterrestriol intelligence
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Why SETI@home?

e Coherent Doppler drift correction
— Narrower Channel Width->Higher Sensitivity

e Variable bandwidth/time resolution

e Search for multiple signal types

— Gaussian beam fitting
— Search for repeating pulses

Solution: Distributed Computing
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The SETI@home Client

SETi@home
The Search lor Extraterrestrial Intelligence &t Home
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SETI@home Statistics
TOTAL RATE

5,464,550 participants 2,000 per day
(in 226 countries)

2.3 million years 1,200 years per da
computer time

4*10*' floating point 65 Tera-flops
operations
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BECOMMEND R
Uier Profie: Lynne Rutter VOTE TO REJECT AR

Country: Trited Hatm
Numiher of Besulis: 465  CPU Time Per Kesult 17 hy 23 min 27,7 sa2
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BACKGROUND

1 am an artist Ining in San Franciseo. T have my own boemess paivting murals and rarpe 'oatl, and wost of wor Lfe 18 apent
breathing the rarified aivof the art f mbarior design workd aleng with the dust in oy stadio or worksite, You can ses my paintings al
v lyroerutter.com, M other interests are many and varded, and meludes travelling, gardedng and wadsing exctic plants, sking,
shin diving: rock clitnbivg, camping i Yosemite with sexr gerius geeks, and collecting shoss, T love to vead (ansrtbing from "Eridget
Jomes' Disry" 1o Diskens to Susan Minot) and there is no olear patter to my rausio oollection [Beetheven, Buzzcocks, Kaie Bush,
Ralph Stanley, Stravinsky, Showboat) although it is stored alphabetically and mos! of i1 18 oyl My fevourite artist, author, cr
eomposer charges every roonth, [am faszinated by the stars, and by all forms of wyrthalogy.

SETI THOUGHTS

| harve been running SETIEhome on my iblar since ay of 1959 [t is arogant 10 assume we (hwrans) are elone in the unnverse, |
hope there ave other worlds and other lves out there, and that they are more intelligent and mepectiial thar we are, [ don't think we
are reacdy to gend a beacor! cut into epace, a2 we we alteady tranemitting a ot of erap - to each othey - and any achranced irtelligert
lifk would know that we may rot yet be developed enough for meaningful contact, The Search is unportant, howrever, and 1 balisve
geisntife prood af the exatence of ETT could bing about veal posiltvs changs on this warld, Farthemnore, the dstrbatsd compiting
aapect of SET1Eharos 12 & wartherhile paneuit - thivk of the milione of ctheywise idls PCa that can e vaed ta aahe big prokleme
nght hete on Earth,




Prironary schools
- Top 200

aecondary Schools
o Top 200

Jurior Colleges
- Top 200

o

Unrrersities and Departmments
o Top 200

Sroall Coraparies (= 50 ernployrees)
- Top 200

Lvledirm Cornpares (S0-1000 ermployess)
- Top 200

Large Cornparies (= 1000 employress)
- Top 200

o

Clhabs
- JLop 200

L= ]

Covernrnent fgencies
- Top 200

o

211 Grougps
o Top 200
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Over 7,160 Seti@Home Units

A unique chance (o join the elite top O 18% [or o) of all Set users, If
you wint you can view this as putting you ahead of 99.82% of ol
Sel P home users, T am avoticning off my Seti units in hope of
breaking my Sed 8 home habit - and hopefully recovering o {small)
fraction of the money 1"ve spent gotting these units,

The Set @ home account being auctioned curreatly has 7.160 (as of
me editing this posting) and will continug 10 accrue units for the
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Web site: 2 million hits/day
200,000 visitors/dEW,

(stats & games popular; science |cEERssisIENS,

100,000 children, families

(including congress members and theijgidlsk)

> 7,000 schools
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Messages from Space:
The Solar System and Beyond '
Grades 5—8




Gaussian Candidates

Telescope Pointings for Candidates
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BOINC - David Anderson

e Berkeley Open Infrastructure
for Network Computing

— General-purpose distributed
computing framework.

— Open source.

— Will make distributed computing
accessible to those who need it.
(Starting from scratch is hard!)
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Projects

e Astronomy

SETI@home (Berkeley)

Astropulse (Berkeley)

Einstein@home: gravitational pulsar search (Caltech,...)
PlanetQuest (SETI Institute)

Stardust@home (Berkeley, Univ. Washinton,...)

Earth science
— Climateprediction.net (Oxford)
Biology/Medicine

— Folding@home, Predictor@home (Stanford, Scripts)
— FightAIDSathome: virtual drug discovery

Physics
— LHC@home (Cern)

Other
— Web indexing/search

geggiﬂi {)u)r e ?;.p%i{%a(uc Berkeley)
Ve
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AstroPulse

o SKky survey
— Covers decs 0 to 30
— ~3 years of data recorded so far.

e (Good time resolution
— Sensitive to 0.4 ps radio pulses at 21 cm

e DM range
— -100 to +100 pc/cm3

e Sensitivity
— 1018 W/m? peak (Coherent de-dispersion)
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5earch for Optical/Radio Signals from Dyson Sphere Candid

Charlie Conroy

* Looked for IR excess from >500
stars

 All stars had age > 1 Gigayear

33 stars found with 12um excess

e Searched for anomalous radio
detection using SETI@home and
SERENDIP IV databases

 Searched for optical pulse
emission using OSETI experiment

* Thus far, none of the 33 sources

have ShOWH anomal ous Optl cal or Color excess using 2MASS K band data and 12,

micron IRAS data. An excess at K-[12] is clearly v

ra mission disappears by K-[25]. Dotted lines are Gaussian fits t8
_ & 2 distributions. The 33 IR excess candidates have K-[12]
g~ SETldChome tonm
.-’ ol
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OPTICAL SETI

1961 Charlie Townes Paper
largely ingored until 1999
1971 Cyclops report calculates radio >> optical

Today'’s lasers can communicate across\Gglexd;
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Optical SETI

e Uses Leuschner
Observatory (UCB)

— Automated 0.8m
telescope

e Targeted Search
— Nearby F,G,K,M stars

— ~10,000 stars
observed so far

— 100 galaxies

SETIhome
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OSETI Detector

e 3-Photomultiplier
coincidence dete

— Sensitive to 1
pulses

e Low backgrodid@

— False alarm j@tes i
per 300 hoursH(EI0®
Hz)

— Double false glaiii
rate: 1 per 600NEZIS]
e (Good sensitivity
— 108 W/m? peak
— 1012 W/m? average
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Keck Optical SETI — Data Minigls

o Geoff Marcy, Amy
EES

e 650 stars (planet data)
e Echelle Spectrometer

e Can detect 10KW
narrow band signal

(10 KW laser on 10
NEEREES ] E)

. SETldhome
Y ~ -
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Amy Reines and Geoff Marcy

Search for Artificial Em:ssmn Lines
1.9 [T T '
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Allen Telescope Array

*6.1-meter offset Gregorian
(2.4-meter secondary)

erim-supported,
hydroformed dishes
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The Square Kilometer Arra

" - Decision on site ~ 2()()6il
‘f SETlhome concept ~ 2008
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Multi-Purpose FPGA-Based
Spectrometer — Low Bandwidiis

Xilinx
Virtex-11
1000
FPGA

Xilinx
Virtex-11 6000

Compact PCI
Backplane

SETl@hom
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GALFA Spectrometer
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SETI Applications
JPL/UCB/SI DSN Sky Survey (20 GHz Bandwidth)
Parkes Southern SERENDIP
ALFA Sky Survey (300 MHz x 7 beams)
SETI Italia (Bologna)
SETI@home

Astronomy Applications
GALFA Spectrometer — Arecibo Multibeam Hydrogen Survey
Astronomy Signal Processor — ASP — Don Backer, Ingrid Stairsj(jpulsais)

ATA4 Correlator F Engine

Reionization Experiments (Backer (UCB), Chippendale/Ekers (A

Antenna Holography, ATNF, China

@ SETI@Whome
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SERENDIP V Spectrometer
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GALFA Spectrometer




Astronomy Signal Processor — Don Backg
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PFB vs. FFT
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PFB vs. FFT
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Biplex Pipelined FFT
Example: 8 pnt. FFT




JFFT FFT controls

Any length transform

Input width and output width
twiddle coefficient width

3 or 4 multiplier complex multiply

Specify downshift or programmable downshift (optiona
rounding)

Decimate FFT option
Blockram / CLB memory threshold option

Overflow detection

§® SETIOhome
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JFFT additional PFB controls

Filter overlap
Width of filter coefficients
Window function for filter (hamming, hann, etc.)

Import filter coefficients for custom filter performance
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GHz bandwidth spectrometer,

e Dual 1 Gsample/sec 8 bit ADC chip
0.5 to 1 GHz bandwidth

e Can be used as single 2 Gsample/sSEcADE

1 to 2 GHz bandwidth
ATMEL, National Semiconductor AD@&S

2 watts
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Compute Module Diagram

IB4X/CX4
40Gbps

Memory Memory
Controller Controller

FPGA FPGA
Fabric Fabric

FPGA
Fabric
Memow
Controller
\ IB4X/CX4
40Gbps

FPGA FPGA
Fabric Fabric
138 bits 300MHz DDR 41.4Gb/s =

Memory Memory
Controller Controller
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19" 48RU Rack Cabin Capacit

40 compute nodes in 5 chassis (8U) per rack
Up to 16 trillion CMac/s performance per rack
250 Watt AC/DC power supply to each blade
12.5 Kwatt total power consumption
Hardware cost: ~ $1M
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Global Interconnects

e Commercial Infiniband switch
from Mellanox, Voltaire, etc.

Packet switched, non- Compute Compute
blocking Node Node

#1 #N
24 ~ 144 ports (4X) per
chassis

Up to 10,000 ports in a

Ethernet Switch

200~1000 ns switch latency

400~1200 ns FPGA to FPGA
latency

480Gbps ~ 2.88Tbps full
duplex constant cross section
bandwidth

<$400 per port
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Unified Digital Processing Architecture

& .ﬁ é
Filter Reorder
Banks Buffer

Infiniband Swtich

The Saﬂ for Exzrammal inteiiigeance

Infiniband
Swtich

Spectrometer

Pulsar

| Searching




Applications

e VLBI Mark 5B data recorder - Haystack — 500 MHz

VLBA and Beamforming - CfA, Bob Wilson, Jonathan Weinjigspis
e SETI — Arecibo (UCB)

ATA  (Seti Institute)
JPL/UCB/SI DSN 20 GHz dual pol (Preston, GulkispEevinyJOREs)
e Correlators and Imagers:

ATA (Mel Wright)
Reionization Experiment (Backer/NRAO)
Carma Next Gen (Dave Hawkins, Caltech)

SKA demonstrator South Africa (Justin Jonas)
MWAR, LWA — MIT, NRL
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Moore’s Law in FPGA world

100X More efficient
~rponsaoimiuc than micro-processplis!

3X improvement
per year!

T T T T T T T T T 1
12/119 6/19/19 1/5/199 7/24/19 2/9/199 8/28/19 3/15/20 10/1/20 4/19/20 11/5/20 5/24/20
96 97 8
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Future SETI Spectrometers

AN 4 THz 400 be
10 G
PAVPAN 128 THz 12,8(

PAVPAS 4000 THz 40,01
2030 128,000 THz 1M beé
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Searching for life
Answers are revealed
About ourselves

Paula Cook, Duke University
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One million earthlings
Bounded by optimism
Leave their PC's on

Dan Seidner
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